Bioassay-guided fraction of the methanol extract of the roots of Pueraria tuberose DC yielded puerarin, an isoflavone C-glycoside (PT-1), isoorientin, a flavone C-glycoside (PT-2) and mangiferin, a xanthone C-glycoside (PT-3). The extracts and the isolated compounds were screened for potent antiinflammatory components inhibiting the cyclooxygenases (COX-1 and COX-2) and 5-lipoxygenase (5-LOX), the target enzymes of inflammation, by employing spectroscopic/polorographic methods. Among these, isoorientin was found to be a potent inhibitorof COX-2with an IC 50 value of 39 µM. Docking studies were carried out to understand the interactions of isorientin (PT-2) with COX-2.The structures of the isolates were determined by mass spectrometry and 2D-NMR techniques including HSQC, HMBC, NOESY and 1 H-1 H COSY experiments. Although isoorientin and mangiferin have been reported from several plant sources, this is the first report of their isolation from a Pueraria species.
Non-steroidal anti-inflammatory drugs (NSAIDs) such as aspirin, indomethacin, ibuprofen and sulindac, which are commonly administered for the relief of pain and inflammation, are inhibitors of both COX-1 and COX-2. The side effects of these conventional NSAIDs, such as gastric ulceration and disturbance of kidney ionic balance, were attributed to their inhibition of both COX-1, the constitutive and cytoprotective enzyme, and COX-2, the inducible isoform mediating all the inflammatory symptoms. The selective inhibitors of COX-2, such as celecoxib and rofecoxib, although devoid of gastric side effects, exhibit cardiac side effects with long term usage. Hence efforts are being made worldwide to developsafer and more effective anti-inflammatory drugs.
Pueraria tuberosa, (Willd.) DC (Fabaceae) is a large climbing herb [1] used as a cardiotonic, galactagogue, and diuretic, as well as for fertility control in folklore medicine [2] . The tuber extracts of this species possess antioxidant, hypoglycemic, hypolipidemic, antiinflammatory and in vivo immunomodulatory activities [3a-d] . Earlier phytochemical investigations of its tubers led to the isolation of coumestans, pterocarpanoids, isoflavonoids and epoxychalcanol [4a-e] . The present study was aimed at isolation of cyclooxygenases (COX-1 and COX-2) and/or 5-lipoxygenase (5-LOX) inhibitors from the tubers of P.tuberosa.The crude plant extracts(n-hexane, ethyl acetate and methanol) were screened for enzyme inhibitory activity.The ethyl acetate and methanol extracts showed 15.2% and 26.8% inhibition, respectively against COX-1 at 100 µg/mL conc., whereas the n-hexane extract showed negligible inhibition. Ethyl acetate and methanolic extracts showed potent inhibition of 88.0%and 91.9%, respectively against COX-2.The n-hexane, ethyl acetate and methanolic extracts showed negligible inhibition against 5-LOX.The methanolic extract, which showed selective inhibition of COX-2 and significant inhibition of 5-LOX, on further purification by column chromatography afforded three compounds,
1,3,6,7-tetrahydroxyxanthone-2-C-β-D-glucopyranoside {mangiferin (PT-3)} [5c] by employing various 2D NMR techniques. The activities for the isolated compounds were checked against COX-1, COX-2 and 5-LOX enzymes. At 100 µg/mL conc. puerarin (PT-1) and isoorientin (PT-2) showed negligible inhibition, whereas mangiferin (PT-3) inhibited COX-1 activity by 79.4%. Puerarin, showed no inhibition of COX-2, but isoorientin and mangiferin showed 64.0% and 45.9% inhibition, respectively (Table1). Table 1 : Percentage inhibition of puerarin (PT-1), isoorientin (PT-2) and mangiferin (PT-3) against COX-1, COX-2 and 5-LOX at 100 µM conc. Among the three compounds, isoorientin (PT-2) showed 64.0% inhibition against COX-2 at 100 µM conc. Further inhibitory studies were carried out to determine the IC 50 of PT-2, which was revealed to be a specific inhibitor of COX-2 with an IC 50 of 39 µM ( Figure 1) . A side chain hydroxyl group of Tyr341 formed a conventional hydrogen bond, whereas Ala513 and Ser516 formed four C-H bonds with PT-2. Hydrophobic interactions like Pi-alkyl, Pi-Sigma and amide-pi stacked were observed with Asp501, Ala502, Val 509 and Ser339.
Experimental
Plant material: The tubers of P. tuberosa were collected from Japali Teertham, Tirumala Hills of Andhra Pradesh, South India in January 2011 and identified by Dr K. Madhava Chetty, Plant taxonomist, Department of Botany, Sri Venkateswara University, Tirupati, India where a voucher specimen (DG-11) has been deposited.
Extraction and isolation:
The shade-dried and powdered tubers of P. tuberosa were successively extracted with n-hexane (3 x 3 L), Me 2 CO (3 x 3 L) and MeOH (3 x 3 L) at room temperature for one week. All the extracts were filtered and evaporated under reduced pressure to obtain the respective extracts, which were stored at -18 o C until investigation for their enzyme inhibitary studies.The MeOH extract (120 g), was chromatographed over a silica gel column using a step gradient of n-hexane and n-hexane-EtOAc. The n-hexane-EtOAc 4:6 eluates, on concentration, afforded PT-1 (90 mg). The n-hexane-EtOAc 2:8 eluates, on concentration, gave a yellow solid.This was further purified over a silica gel column using n-hexane-EtOAc step gradient (2:8 and 1:9) to yield two yellow solids, PT-2 (55 mg) and PT-3 (32 mg), respectively Extraction and isolation of cyclooxygenase-1 enzyme: Preparation of microsomes was carried out according to the method of Hemler et al. [5d] , with minor modifications. -1 and COX-2) and 5-LOX assay: Over expression of COX-2 was carried out according to the method of Reddy et al. [5e] . Enzymatic activities of both COX-1 and COX-2 were measured according to the method of Copeland et al. [6a] , with slight modifications, using a chromogenic assay based on the oxidation of TMPD during the reduction of PGG 2 to PGH 2 [6b,c]. 5-LOX from potato tubers was purified and assayed by the method described by Reddanna et al. [7a] . Enzyme activity was measured using a polarographic method.
Over expression and extraction of recombinant human COX-2 and cyclooxygenase (COX

Docking studies with COX-2:
The 2D structure of PT-2 was drawn in Chem Sketch and then the structure was optimized on Gaussian 09 using the B3LYP functional and 6-31G++ (d,p) basis set [7b]. The optimized structure was used for further docking calculations using GOLD 4.0. COX-2 structural coordinates (PDB ID: 3LN1) were taken from a protein data bank and the active site was defined as a region which is within 10 Å radius around the co-crystallized celecoxib. GOLD 4.0 default parameters were used and termination was allowed if the top three bound conformations of the ligand were within 1.5 Å RMSD or the number of poses reach 100. The binding mode and interactions of PT-2 with COX-2 were visualized and analyzed in Accelrys Discovery Visualizer 4.0 [7c].
